de physique,
NGC 3603 is the most massive and luminous visible starburst region in the Galaxy.
We present the first Chandra/ACIS-I X-ray image and spectra of this dense, exotic object, accompanied by a deep cm-wavelength ATCA radio image at similar _< 1_ spatial resolution, and HST/ground-based optical data. At the S/N > 3 level, Chandra detects several hundred X-ray point sources (compared to the 3 distinct sources seen by ROSAT) . At least 40 of these sources are definitely associated with optically identified cluster O and WR type members, but most are not. A diffuse X-ray component is also seen out to --_ 2_ (4 pc) from the center, probably arising mainly from the large number of merging/colliding hot stellar winds and/or numerous faint cluster sources. Tile pointsource X-ray fluxes generally increase with increasing bolometric brightnesses of the member O/WR stars, but with very large scatter. Some exceptionally bright stellar X-ray sources may be colliding wind binaries. The radio image shows (1) two resolved sources, one definitely non-thermal, in the cluster core near where the X-ray/optically brightest stars with the strongest stellar winds are located, (2) emission from all three known proplyd-like objects (with thermal and non-thermal components), and (3) many thermal sources in the peripheral regions of triggered star-formation. Overall, NGC 3603 appears to be a somewhat younger and hotter, scaled-down version of typical starbursts found in other galaxies. Introduction
Hot stars, by means of the massive supersonic winds and the supernovae they produce, have a profound influence on their environment and on galactic and chemical evolution in the Universe.
A sufficient density of massive stars can drive galactic-scale outflows, such as that seen in M82.
While many advances have been made in the study of such starburst galaxies, they typically are too distant to study in great detail. Consequently, any local analogues, such as giant H II regions in our own Galaxy and in the Magellanic Clouds, are of great interest. _ burst regions. For example, X-ray and radio emission mechanisms are often related (e.g. in regions of shocked gas), and optical data are indispensable for identifying X-ray sources. This preliminary study will show how X-ray -rod radio properties of the cluster relate to the physical properties of the stars and gas in a starb Jrst region.
Observations
We have obtained a dee p, 50-ksec, uninterrupted pointing at NGC 3603 with ACIS-I on Chandra in May 2000 (cycle AO1 i, with a spatial resolution of _ 1". The ACIS-I image was created from the standard photon events _:_fter they were cleaned to remove photons falling near node boundaries or near other bad pixel regi(,ns. Inspection of X-ray light-curves of a region centered on NGC 3603
and on a background regioi_ to the north of the cluster indicate that there is no evidence for the presence of flares, so that 1_o time intervals need to be excluded. The cleaned events were then spatially binned to produce _m image of the central 3.6' x 3.6' at the full resolution of ACIS (0.492" pixel-1). We corrected the image for exposure variations across the detector and smoothed the resulting image with an adaptive filter. The smoothed, cleaned image is shown in Figure la .
In addition to the X-ray data, we present radio data from four 12-hour shifts with the ATCA at 3 and 6 cm wavelengths l aken in February, April, June and September 2000 (see Miicke et al. 2001 ), resulting in a resolution of 1.0" x 0.8" at 3 cm with a noise level of ,,-0.15 mJy. The radio data use only the longest ba._,elines (> 25 kA); this will tend to emphasize the small-scale structure.
Finally we complement the X-ray and radio data by a broadband visual HST/WFPC image of the central core at 0.1" res,,lution, along with a 1" resolution image of the whole cluster and its surroundings (i.e. similar t,_ the resolution of the X-ray and radio data) from the 0.9m telescope at CTIO.
Fig. 1 shows overview linear-intensity
scale images centered on NGC 3603, in (a) X-rays (0.5-10 keV, i.e. 24 -1.2 A) and fb) groundbased medium-band optical light (Ac = 0.465_m_ = 4650/_), both at the same size, scale and resolution (_ 1" This is of concern here since the distortions due to CTI will be different for each of our sources depending on how far each source is from the chip readout.
To minimize the effects of CTI on the extracted stellar X-ray spectrum we corrected the individual photon events using the algorithm of Townsley et al. (2000) .
We extracted the X-ray spectra from the cleaned, CTI corrected photons for these seven stars recognized as such after int{%rating the counts within a given distance (r = 2,3,4,.... pixels) from the potential source. Finally, the algorithm compiles a list of spatially-independent events (simply those which are separated by d > r). Using r = 4 pixels, we found 384 sources in the whole field.
A more detailed analysis of the X-ray properties of detected X-ray sources, their identifications, and inclusion of upper limi!s for optical stars not detected in our Chandra pointing is currently underway; for the remaindm of this paper we consider for analysis the source list derived from our own simple cell-detection alt_orithm, which yields the most sources.
In Fig. 4 that an increase to kT = 1.0 keV would increase the absorbed X-ray fluxes in the 0.5-10 keV band by --_15 %, which is relatively unimportant here. The unabsorbed ("dereddened") X-ray fluxes are much more sensitive to the assumed spectral shape. However, further refinement is not justified with the present non piled-up spectra, which have only ,-d00 counts each at the best. We consider an apparent association between point X-ray and optical sources only if the separation does not exceed one resolution element, thus probably missing several potential associations (especially in Fig. 2) . Neglecting this, we plot in Fig. 4 ,-_45 point source members of NGC 3603 with almost certain X-ray/optical associations.
Of particular note are the following:
( However, there is at least two orders of magnitude scatter in the X-ray flux around this simple scaling relation.
The large scatter appears to be intrinsic to the NGC 3603 stars, since we only consider members of NGC 3603, with field stars excluded.
(2) All of the brightest early-O and all three of the WR stars are seen in X-rays. Since both approaches yield comparable results, we combined them by simple averaging into an image with pixels of size 12 It x 12", as shown in Fig. 5 . Clearly, the high density of sources in the central core reduces the reliability of both techniques there (i.e. inside the region limited by a red circle in Fig. 5 ). Detailed examination of the diffuse emission in the core will be given in a forthcoming paper. Therefore, we take advantage of the --_Gaussian form of the spatial extension of the diffuse X-ray emission outside the dense core to extrapolate into the core. We thus find that the total integrated diffuse X-ray emission, the extended X-ray emissimL is predicted to arise from multiple wind-wind interactions.
To address the possibilily that the diffuse emission might be generated by faint point sources falling below the 3-a detecl _tbility level, we obtain a N(S) (number versus source-flux) distribution using all the detectable sources, then extrapolate N(S) to lower fluxes. We ignore the fact that the If not directly related to PMS stars, the faint undetected point sources would have accounted for ,-_ 25% (or even all, allowing for the large uncertainty in the number of extrapolated faint sources)
of the diffuse background.
The intensity of the observed diffuse X-ray component does not contradict the non-detection of any extended radio emission coming from the same volume of space. Indeed, assuming optically thin thermal bremstrahlung emission with kT __2 keV, a radio flux of ,-, 10 (-4)-(-5) mJy/beam at ,/=3 cm is expected, which is far below the ATCA la detection limit (0.15 mJy/beam) of our observations.
We have extracted (Fit';. 6) the integrated diffuse X-ray component spectrum in an annulus around the core region (ex,:luding obvious stellar sources) and a region beyond the core to the SE of star MTT68. We fit _'ach region with a single-temperature absorbed thermal model (Mewe, Gronenschild & van den Oord 1985; Mewe, Lemen & van den Oord 1986; and Kaastra 1992, including the updated Fe-L emission calculations by Liedahl, Osterheld & Goldstein 1995) . With reduced ;g2 = 1.28, the X-ray temperature of the core is kT _ 3.1 =k 0.3 keV compared to kT ,_ 2.1+0.7 keV in the outer region. The core also had a lower X-ray absorbing column, NH _ 0.7X 1022 cm -2 vs. NH _ 2.4 x 1022 cm -2 in the outer region of the field; this is compatible with the increase in E(B -V) going out from the core (Melnick et al. 1989 ).
As an additional, indep(_ndent check on the reality of the weak, extended emission component, we performed a census of all the point-like sources by varying the detection limit (namely, 3, 5, 10-a in accordance with G_,hrels 1986) and plot in Fig. 7 the integrated, normalized source flux and source number as a function of distance from the tentative centre of the cluster (placed at star C for convenience).
There is an apparent excess of weak (3 -53) sources toward the centre of the cluster at r<l p-1.5 _, which can be used as an additional argument backing the reality of the X-ray halo.
Star Formation and Proplyd-like Objects
As found in previous lower-resolution work (de Pree et a1.1999), most of the cm radio emission comes from extended regions well outside the central core, i.e. mostly anti-correlated with the Xray emission.
In particular, mostly thermal radio emfssion is seen from large numbers of clumps of various sizes towards the WSW and SSE from the central core, at projected distances of _ 30 -90 _t
(1 -3 pc) (Fig.la) . These are associated with regions of active star formation, with the most intense near-IR/radio flux coming from two giant pillar-head ionization fronts at _-, 35" from the cluster core. These pillar heads are also sources of OH and H20-masers. Inside this radius, there is very little gaseous emission of any kind, except for a diffuse X-ray component from near the core where the hot stellar winds are emerging (Fig. 5 ). The size of this wind-blown cavity suggests an age inferior to 1 Myr (Drissen 1999) , in agreement with recent estimates of the nuclear age of the central cluster, e.g. _<1.0 Myr from evolution of the massive stars (Pandey et al. 2000) , or 0.3-1.0
Myr from PMS evolution (Brandl et al. 1999) . Near the southern end of the southern giant pillar is located an embedded, very young star cluster (E. Grebel, private communication). It appears to be a compact IR/radio source that lies between two adjacent Chandra point sources. This will be discussed in a future paper.
In addition to these extended regions, the three proplyd-like structures detected at near-IR wavelengths (Brandner et al.2000) are resolved as very strong, extended cm radio sources (see The NGC 3603 proplyd-like objects are the most massive, luminous and distant of their kind discovered so far, and the only ones where nmgnetic processes are inferred due to their non-thermal components (Miicke et al.2001 ).
In the meantime, a 4th proplyd-like object has been identified in NGC 3603 (Miicke et al. 2002) . However, it appears to have more the appearance of a mini-pillar.
Integrated Properties and Comparison with Other Starbursts
The net instrumental background-corrected count rate from the entire ACIS-I observation is 1 count s -1. Assuming a 3 keV thermal spectrum with NH = 7 x 1021 cm -2 and a distance of 7 kpc, the total luminosity in the 0.5-10 keV band of NGC 3603 in the ACIS-I field of view is Lx With time the massive stellar population will evolve and eventually explode as supernovae, ASCA observations of the (anonical starbursts M82 ) and NGC 25a et al. 1995) . It is therefore possible that some fraction of the (Lx "_ 1040 ergs s -1) disk emission in starburst galaxies is due io < 105 NGC 3603-type HII regions, while the bulk of the hot ISM outside their nuclei has expattded and cooled to lower temperatures than those found in NGC a60a.
Summary and Conclusions
The most important fin,lings of this work are:
(1) While its more lumi_ous member stars reveal a general trend between Lx and LBol as seen in other less exotic clusters, the scatter is enormous and definitely intrinsic to the stars. Some of the X-ray overluminous sotu,:es may indicate the presence of colliding winds in binaries.
(2) The three WR stars appear anomalously bright in Lx compared to other WR stars. Probably, these are not ordinary WR stars, rather, extremely luminous main-sequence stars with winds of relatively low X-ray opacity. Another factor that could enhance their Lx flux is colliding-wind emission in the two WR star's that are suspected to be binary.
(3) Large numbers of X-,'ay sources are found with greater frequency towards the cluster center and no obvious optical count erparts. If these sources are cluster members, then they may be active, low-mass PMS stars, though other types of high Lx/LBol objects cannot be entirely ruled out (for example some of them might be isolated neutron stars, or heavily embedded X-ray binaries).
(4) Spatially integrated X-ray spectra reveal that NH increases along with E(B -V), as one goes from the cluster core t,_ the periphery, as expected for a wind-blown cavity of cooler gas and dust evacuated by an ensemt_le of very hot stars.
(5) No significant variat,ility of individual X-ray sources was found on time scales ranging from 0.5 to 50 ksec.
(6) Central diffuse X-ra, emission may arise from multiple merging/colliding hot stellar winds, with negligiblecontributionfromunresolved PMSstars.
(7) Most of the cm radio emissionarisesfrom peripheralregionsof current star formation, with little or no correlationwith X-rays.However, an extended, possiblynon-thermal component (dueperhapsto collidingwinds)is alsopresentin the centralclusterregion.
(8) NGC 3603appearsto be a somewhat youngerand hotter, scaled-down versionof typical starburstsfoundin othergalaxies.
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AM acknowledges a postdoc bursary from the Quebec Government. We thank an anonymous referee for helpful comments. Fig. 2. --Enlarged21'_x 21" (0.71 x 0.71 pc) regioncenteredon NGC 3603,with superposed ChandraX-ray (green)andHSToptical(red)images.TheHSTimagehasbeenGaussian-smoothed to a resolutionof _ 0.5", to match the deconvolved and Gaussian-smoothed X-ray image.Radio contoursin stepsasin Fig. 1 aresuperposed. Overlapping(within a PSFradius)X-ray andoptical sources become bright yellow;theseareidentifiedwith prefix H, asmembers of NGC 3603 (Moffat et a1.1994) , with starH7b added.Notethat the bright centralstarsA1, A2, A3, B andC areH30, H31, H26, H23, H18of Moffat et al. (1994) . When morethan onestar coincideswithin a PSF radius,appropriateidentificationis given.Epoch2000equatorialcoordinates areindicated. the ACIS-I image. We make no attempt to plot individual stars below this limit. Since no correction for pile-up has been applied, the derived X-ray luminosities for stars brighter than Lx "-" 1034 erg s-1 are underestimated roughly as indicated by the arrows. Error bars are not visible when they are smaller than the size of the symbol. 
